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57 ABSTRACT 
A medical material comprising a shaped article made of 
a soft vinyl chloride resin composition, a layer formed 
on the shaped article and composed essentially of cross 
linked gelatin having good bio-compatibility with a 
living body, and an intermediate bonding layer firmly 
bonding the crosslinked gelatin layer to the shaped 
article. 

8 Claims, 3 Drawing Figures 
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MEDICAL MATERIAL AND PROCESS FOR ITS 
PRODUCTION 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This is a division of application Ser. No. 795,877, filed 

Nov. 7, 1985 Now U.S. Pat. No. 4,664,658; patented 
May 12, 1987. 
The present invention relates to a medical material 

such as a blood transportation tube and a process for its 
production. More particularly, the present invention 
relates to such a medical material made of a soft vinyl 
chloride resin composition as the main constituent, 
which is made not to elute a substance toxic to blood, 
body fluid or medicinal liquid, such as a pyrogenous 
substance, and a process for its production. 

2. Discussion of Background 
As a material for a transportation tube used for the 

collection from the human body, transportation or in 
jection into a human body, of a blood or medicinal 
liquid in the medical fields such as blood collection, 
blood transfusion, fluid therapy or a blood circulation 
system for an artificial kindney, a composition com 
posed essentially of a soft vinyl chloride resin has been 
used. The soft vinyl chloride resin has high levels of 
various properties required for the material of such 
transportation tubes, such as transparency, flexibility, 
resiliency, chemical resistance, high temperature prop 
erties and low temperature properties, and yet it is inex 
pensive. Therefore, it is suitable for use as a disposable 
article which is preferred also from the hygienic point 
of view. 
However, when the soft vinyl chloride resin is used 

for such purposes, a plasticizer, stabilizer or other resin 
additives incorporated in the substrate resin are likely to 
elute to the blood or liquid during its use. Further, it has 
been pointed out that when brought in contact with 
blood, the soft vinyl chloride resin is likely to lead to 
hemolysis or blood coagulation. 

In order to cope with the above-mentioned difficul 
ties, it has been attempted to form a crosslinked gelatin 
layer on the inner surface of the tube made of the soft 
vinyl chloride resin, thereby to prevent the elution of 
the plasticizer, stabrilizer or other resin additives to the 
blood or medicinal liquid and to solve the problems of 
hemolysis and blood coagulation at the same time. 
Under these circumstances, it is an object of the pres 

ent invention to provide a medical material such as a 
tube or sheet made of the soft vinyl chloride resin, 
which is made not to elute pyrogenous substances to 
blood or medicinal liquid and which is free from impuri 
ties. 
Another object of the present invention is to provide 

a blood transportation tube, whereby the above-men 
tioned difficulties are substantially reduced. 
According to the first aspect, the present invention 

provides a medical material comprising a shaped article 
made of a soft vinyl chloride resin composition, a layer 
formed on the shaped article and composed essentially 
of crosslinked gelatin having good bio-compatibility 
with a living body, and an intermediate bonding layer 
firmly bonding the crosslinked gelatin layer to the 
shaped article. 
According to the second aspect, the present inven 

tion provides a process for producing such a medical 
material, which comprises uniformly wetting the sur 
face of a shaped article made of a soft vinyl chloride 
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2 
resin composition, with a gelatin solution to form a 
non-crosslinked gelatin coating layer in a wet state, 
contacting a solution of a crosslinking agent to the coat 
ing layer to crosslink the non-crosslinked gelatin coat 
ing layer, removing any excessive solution of the cross 
linking agent from the surface of the shaped article, and 
contacting the crosslinked gelatin layer of the shaped 
article to pyrogen-free water at a temperature of from 
50 to 80 C. for at least two hours for cleaning. 
According to the third aspect, the present invention 

provides a blood transportation tube comprising an 
outer tubular layer of a soft vinyl chloride resin compo 
sition, an inner tubular layer formed on the inside of the 
outer tubular layer and composed essentially of said 
crosslinked gelatin, and an intermediate bonding layer 
firmly bonding the inner tubular layer to the outer tubu 
lar layer. 
According to the fourth aspect, the present invention 

provides a process for producing such a blood transpor 
tation tube, which comprises: 

a first step of filling a tube made of a soft vinyl chlo 
ride resin composition, with a solution of a composition 
for forming a bonding layer, to uniformly wet the inner 
surface of the tube with the solution, then removing 
most of the solution from the tube, and drying the layer 
of the solution uniformly remaining on the inner surface 
of the tube to form a bonding layer; 

a second step of filling the tube with a gelatin solution 
to uniformly wet the surface of the bonding layer with 
the gelatin solution, then removing most of the gelatin 
solution from the tube to form a non-crosslinked gelatin 
layer in a wet state on the surface of the bonding layer, 
thereafter filling the tube with a solution of a crosslink 
ing agent for a non-crosslinked gelatin layer, to cross 
link the non-crosslinked gelatin layer, and removing the 
solution of the crosslinking agent from the tube; 

third step of filling the tube with a plasticizing solu 
tion for the crosslinked gelatin layer, to have the plasti 
cizing solution absorbed in the crosslinked gelatin layer 
in a wet state; and 

a fourth step of removing the plasticizing solution for 
the crosslinked gelatin layer from the tube and drying 
the inside of the tube. 

In the accompanying drawings, FIG. 1 is an enlarged 
cross-sectional view of a blood transportation tube ac 
cording to the present invention. 

FIG. 2 is a diagrammatic view of an apparatus used 
for a test for the elution of a plasticizer from the tube. 
FIG. 3 is an enlarged sectional view of the sheet 

obtained in Example 7. 
Now, the present invention will be described in detail 

with reference to the preferred embodiments. 
In the present invention, the vinyl chloride resin 

includes a polyvinyl chloride and a copolymer of vinyl 
chloride with other compounds copolymerizable there 
with. As the compounds copolymerizable with vinyl 
chloride, there may be mentioned ethylene, propylene, 
vinyl acetate, acrylic cid, an alkyl ester of acrylic acid, 
methacrylic acid, an alkyl ester of methacrylic acid, 
meleic acid, fumaric acid, itaconic acid, acrylonitrile or 
vinylidene chloride. 
To soften the above vinyl chloride resin, from 30 to 

60 parts by weight of a plasticizer is incorporated rela 
tive to 100 parts by weight of the substrate resin. As 
such a plasticizer, there may be mentioned a phthalic 
acid derivative such as di-2-octyl phthalate, di-2-ethyl 
hexyl phthalate or diisodecyl phthalate; an isophthalic 
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acid derivative such as diisooctyl isophthalate; an adipic 
acid derivative such as dioctyl adipate; or other plasti 
cizers such as tricresyl phosphate or epoxy-modified 
soybean oil. 

In addition to the plasticizer, other resin additives 
such as a thermal stabilizer or a lubricant may also be 
incorporated into the above vinyl chloride resin, in an 
amount of not more than 5 parts by weight relative to 
100 parts by weight of the substrate resin. 
A usual blending and mixing technique, for instance, 

a method of using a ribbon blender, a Bumbury's mixer, 
a super mixer or other blending or mixing machine, may 
be employed for blending the plasticizer and resin addi 
tives to the substrate vinyl chloride resin. 
The above-mentioned vinyl chloride resin is shaped 

into a tube or a sheet preferably by extrusion molding. 
The tube preferably has a cross-section of a circular 
shape with the outer diameter of not more than 10 mm, 
the inner diameter of at least 3 mm and a wall thickness 
of about 1 mm. The sheet preferably has a thickness o 
from 0.1 to 2 mm. In the following description, the 
invention will be described with respect to the tube as a 
representative of the shaped article. 

Referring to the process for the production of a blood 
transportation tube, the first step comprises filling a tube 
made of a soft vinyl chloride resin composition, with a 
solution of a composition for forming a bonding layer to 
uniformly wet the inner surface of the tube with the 
solution, then discharging most of the solution from the 
tube, and drying the layer of the solution uniformly 
remaining on the inner surface of the tube to form a 
bonding layer. The bonding layer thus formed in the 
first step, has a function of firmly bonding the inner 
tubular layer composed mainly of crosslinked gelatin 
having good bio-compatibility with a living body, to the 
outer tubular layer. 
As the effective ingredient in the solution of the com 

position for forming the bonding layer, there may be 
mentioned a hydrophilic water-insoluble material. Pre 
ferred is a polymer of a compound having a hydrophilic 
group, or a random copolymer or block copolymer of a 
compound having a hydrophilic group with other com 
pound copolymerizable therewith. Particularly pre 
ferred is an acrylic resin. 
An acrylic resin having the above properties is a 

polymer or copolymer of a monomer having a hydroxyl 
group. As the monomer having a hydroxyl group, there 
may be mentioned a hydroxyalkyl (meth) acrylate such 
as hydroxymethacrylate, hydroxymethyl methacrylate, 
2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 
2-hydroxyethylpropyl acrylate, 2-hydroxypropyl meth 
acrylate, 3-hydroxypropyl acrylate, 3-hydroxypropyl 
methacrylate, 2-hydroxybutyl acrylate, 2-hydroxybutyl 
methacrylate, 4-hydroxybutyl acrylate, 4-hydroxybutyl 
methacrylate, 2-hydroxpentyl acrylate, 2-hydroxypen 
tyl methacrylate, 6-hydroxyhexyl acrylate or 6-hydrox 
yhexyl methacrylate; or an acrylic monomer such as 
methacrylic acid, acrylamide, methacrylamide, diace 
tone acrylamide, diacetone methacrylamide, methylol 
acryloanide or methyl methacryloamide. 
As the compounds copolymerizable with the above 

mentioned hydroxyl group-containing monomer, there 
may be mentioned acrylic acid, methyl acrylate, methyl 
methacrylate, ethyl acrylate, ethyl methacrylate, propyl 
acrylate, propyl methacrylate, butyl acrylate, butyl 
methacrylate, pentyl acrylate, pentyl methacrylate, 
hexyl acrylate, hexyl methacrylate, heptyl acrylate, 
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heptyl methacrylate, acrylonitrile, methacrylonitrile or 
vinyl acetate. 
The solution of the composition for forming a bond 

ing layer is a solution of the above polymer in a liquid 
medium (solution type) or a dispersion of the polymer in 
a liquid medium (emulsion type). As the liquid medium, 
there may be employed water, toluene, benzene, ethyl 
acetate, ethyl alcohol, isopropyl alcohol, n-hexyl alco 
hol, cyclohexanol or a mixture thereof. In the case of 
the emulsion type, it is preferred to stabilize the system 
by incorporating an emulsifier. 

In the first step, the tube to constitute the outer tubu 
lar layer, is filled with the solution of the composition 
for forming a bonding layer, to uniformly wet the inner 
surface of the tube with this solution. Then, most of the 
solution is discharged from the tube to permit the solu 
tion to remain on the inner surface of the tube in a uni 
form thickness. As the liquid medium of the remaining 
solution is evaporated by drying, a thin bonding layer is 
formed. If the bonding layer is too thin, it is difficult to 
control the thickness uniformly over the entire surface, 
and such a thin layer will not properly function as a 
bonding layer. On the other hand, if the bonding layer 
is too thick, the flexibility of the bonding layer will be 
impaired, and the final product is likely to be defective 
as the finally obtainable tube is susceptible to breakage 
when bent. The thickness of the bonding layer is prefer 
ably from 2 to 10 um, more preferably from 3 to 6 um. 
The thickness of the bonding layer may be controlled 

by properly adjusting the concentration of the solution 
of the composition for forming the bonding layer. The 
concentration of the solution is preferably from 0.01 to 
2% by weight of the solid content. To dry the layer of 
the solution uniformly remaining on the inner surface of 
the tube, it is preferred to place the tube in a heating 
furnace (oven) adjusted to a temperature of from 60' to 
140' C., and supply dried air from one end of the tube. 
The temperature of the heating furnace may properly 
be adjusted depending upon the boiling point of the 
liquid medium of the solution. However, if the tempera 
ture is lower than 60" C., it takes long time for drying 
and bacteria are likely to propagate, such being undesir 
able. On the other hand, if the temperature is higher 
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than 140' C., the outer tubular layer made of a soft vinyl 
chloride resin is likely to be softened, colored or ther 
mally decomposed, such being undesirable. The air to 
be supplied to the tube is pressurized. If the pressure is 
too small, the evaporated portion of the liquid medium 
can not be transported. On the other hand, if the pres 
sure is too high, the bonding layer is likely to be par 
tially transported to form a waved surface, such being 
undesirable. Therefore, the pressure of the air to be 
supplied to the tube is preferably selected within a range 
of from 0.01 to 2 kg/cm2. 

In the second step, the tube thus processed by the first 
step is filled with a gelatin solution to unifornly wet the 
surface of the bonding layer with the gelatin solution. 
Then, mos of the gelatin solution is removed from the 
tube to form a non-crosslinked gelatin coating layer in a 
wet state on the surface of the bonding layer. Then, this 
tube is filled with a solution of a cross-linking agent for 
crosslinking the non-crosslinked gelatin coating layer, 
to crosslink the non-crosslinked gelatin layer. 
The crosslinked gelatin layer has good biocompatibil 

ity with a living body, and has a function to prevent the 
elution of the plasticizer, stabilizer or other resin addi 
tives incorporated in the outer tubular layer, to blood. 
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Gelatin is obtained by the hydrolysis of collagen to 
polypeptide chains, or by the further splitting of such 
isolated polypeptide chains, and has a molecular weight 
of from 15,000 to 250,000. 
As a solvent for gelatin, there may be mentioned 

water, methyl alcohol, ethyl alcohol, n-propyl alcohol, 
isopropyl alcohol, secondary propyl alcohol, tertiary 
propyl alcohol, glycerol, propylene glycol or acetone. 
These solvents may be used alone or in combination as 
a mixture of two or more different kinds. 
For filling the tube with the gelatin solution, the 

gelatin solution is kept at a temperature high enough to 
avoid the solidification of gelatin, preferably at a tem 
perature of at least 30 C, more specifically from 35 to 
60' C. After uniformly wetting the surface of the bond 
ing layer formed in the first step, with this gelatin solu 
tion, most of the gelatin solution is removed from the 
tube. Then, the temperature of tube is lowered to a level 
of not higher than 30 C, preferably not higher than 10 
C., to solidify the gelatin in the gelatin solution formed 
on the surface of the bonding layer and to form a non 
crosslinked gelatin coating layer in a wet state. The 
thickness of the non-crosslinked gelatin coating layer 
may be adjusted by the concentration of the gelatin 
solution or by the temperature of the gelatin solution 
filled in the tube. Namely, the higher the concentration 
or the lower the temperature, the thicker the gelatin 
layer formed on the inner surface of the tube. 

If the concentration of the gelatin solution is too high, 
the viscosity tends to be too high even when the ten 
perature of the gelatin solution is raised, whereby it 
becomes difficult to obtain a non-crosslinked gelatin 
coating layer in a wet state in a uniform thickness on the 
bonding layer, or the gelatin coating layer tends to be 
too thick. If the gelatin coating layer is too thick, the 
non-crosslinked gelatin coating layer is susceptible to 
breakage when the tube is filled with the solution of a 
crosslinking agent, and it is difficult to obtain a blood 
transportation tube of good quality. On the other hand, 
if the concentration of the gelatin solution is too low, 
the non-crosslinked gelatin coating layer tends to be too 
thin, whereby it becomes difficult to adequately control 
the elution of the plasticizer, stabilizer or other resin 
additives from the outer tubular layer made of a soft 
vinyl chloride resin composition, to blood. Therefore, 
the concentration of the gelatin solution is preferably 
such that the gelatin content is from 5 to 20% by 
weight, more preferably from 8 to 15% by weight. 
The tube formed with such a non-crosslinked gelatin 

layer in a wet state, is then filled with a solution of a 
crosslinking agent for the non-crosslinked gelatin layer, 
to crosslink the gelatin layer. By the crosslinking of the 
gelatin layer, the elution of the plasticizer, stabilizer or 
other resin additives from the outer tubular layer to 
blood is remarkably decreased. 
The solution of the crosslinking agent for the gelatin 

layer is an aqueous solution of a crosslinking agent. As 
such a crosslinking agent, there may suitably be used an 
aldehyde, an isocyanate, an acid chloride, a sulfonyl 
chloride, a chloroformate, an epoxy or epichlorohydrin. 
Among them, an aldehyde such as formaldehyde, glu 
taric aldehyde or glyoxal, is particularly preferred. 
The concentration of the solution of the crosslinking 

agent is preferably from 0.1 to 2% by weight of the 
crosslinking agent. 

In order to crosslink the non-crosslinked gelatin layer 
in a wet state, the tube is filled with the solution of the 
crosslinking agent and is kept in the filled state at room 
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6 
temperature for from 30 minutes to a few hours. The 
crosslinking reaction takes place during this period, 
whereby the gelatin layer is modified. Thereafter, the 
solution of the crosslinking agent is removed from the 
tube. For the purpose of removing any excessive cross 
linking agent still remaining on the surface of the tube, 
it is preferred to pass pyrogen-free water through the 
tube. 

In a preferred embodiment of the invention, the tube 
is, after the removal of the solution of the crosslinking 
agent, filled with pyrogen-free water heated to a tem 
perature of from 50 to 80 C. to clean the crosslinked 
gelatin layer. This cleaning is intended to wash off non 
crosslinked gelatin in the crosslinked gelatin layer, an 
unreacted crosslinking agent and undesirable substances 
contained in the gelatin. In order to wash off these 
substances, it is possible to either continuously supply 
warm water to the tube after the completion of the 
above-mentioned step, or fill the tube with warm water 
and leave it to stand still for a predetermined period of 
time under warm condition, and then discharge the 
water. From the economical point of view, the latter is 
preferred. 

If the temperature of the cleaning water is less than 
50 C., bacteria are likely to propagate. On the other 
hand, if the temperature is higher than 80 C., the tube 
is likely to undergo property changes or the crosslinked 
gelatin layer is likely to peel off, such being undesirable. 
When the tube is filled with pyrogen-free water heated 
to a level of from 50 to 80 C. and left to stand under 
warm condition, it is preferred to leave the filled tube to 
stand still for at least 2 hours. After completion of leav 
ing it to stand still, the warm water is discharged from 
the tube, and it is preferred to wash the crosslinked 
gelatin layer with fresh pyrogen-free water. 

After completion of the cleaning of the crosslinked 
gelatin layer, the tube can be used as it is, for liquid 
therapy. However, the crosslinked gelatin layer lacks in 
flexibility. Therefore, it is preferred to conduct after 
treatment to have a plasticizing substance absorbed so 
that the gelatin layer is plasticized. 
Namely, in the third step, while the crosslinked gela 

tin layer on the inner surface of the tube after the re 
moval of the solution of the crosslinking agent, is still in 
a wet state, the tube is filled with a plasticizing solution 
for the crosslinked gelatin layer to have the plasticizing 
solution absorbed in the crosslinked gelatin layer. 
The crosslinked gelatin layer is extremely brittle 

when dried, and as such, can not follow the flexural 
properties of the outer layer made of a soft vinyl chlo 
ride resin, and is likely to break even with a small defor 
mation. Such brittleness of the crosslinked gelatin layer 
is substantially reduced when the plasticizing solution is 
absorbed in the crosslinked gelatin layer. 
As the plasticizing solution for the crosslinked gelatin 

layer, an aqueous solution of glycerin is preferred. This 
plasticizing solution is preferably an aqueous solution 
containing from 5 to 50% by weight, more preferably 
from 20 to 40% by weight, of glycerin. 

In order to plasticize the crosslinked gelatin layer, the 
tube is filled with the plasticizing solution and is kept in 
the filled state at room temperature for from 1 to 30 
minutes. 

In the fourth step, the plasticizing solution is removed 
from the tube after the completion of the third step, and 
the inside of the tube is dried. The drying of the inner 
surface of the tube in this step may be conducted under 
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the same conditions as those for drying the liquid me 
dium of the solution of the composition in the first step. 

In the process of the present invention, water used is 
required to be pyrogen-free water, and the gelatin, 
crosslinking agent, glycerin, etc. used are required to be 
selected so that they do not contain substances toxic to 
the human body. 
When the medical material of the present invention is 

a tube, it is useful as a liquid transportation tube for the 
collection from the human body, the transportation, or 
the injection into the human body, of blood or medici 
nal liquid in the medical fields such as blood collection, 
blood transfusion, fluid therapy or a blood circulation 
system of an artificial kidney. When the shaped article is 
a sheet, it is used for the preparation of a bag-like con 
tainer. 
The present invention provides the following remark 

able effects, and its industrial value is extremely high. 
(1) The medical material such as a blood transporta 

tion tube according to the present invention has a coat 
ing layer composed essentially of crosslinked gelatin 
having excellent bio-compatibility with a living body, 
and thus is highly wettable with blood or medicinal 
liquid, whereby adhesion of bubbles on the surface of 
the shaped article or a trouble of the flow rate change 
can be avoided. 

(2) The medical material such as a blood transporta 
tion tube according to the present invention has a coat 
ing layer composed essentially of crosslinked gelatin, 
whereby blood or medicinal liquid is not brought in 
direct contact with the tube or sheet made of a soft 
vinyl chloride resin, and the elution of the plasticizer, 
stabilizer or other resin additives incorporated to the 
soft vinyl chloride resin, to the blood or medicinal liq 
uid, can be substantially decreased. 

(3) When the crosslinked gelatin layer formed on the 
surface of the tube or sheet is washed with pyrogen-free 
'warm water according to the present invention, it is 
possible to obtain a medical material wherein the cross 

a linked gelatin layer contains no substantial pyrogenous 
substances or other undesirable substances. 
... Now, the present invention will be described with 
reference to examples. However, it should be under 
stood that the present invention is by no means re 
stricted to these specific examples. 

EXAMPLE 

First Step 
A commercially available soft polyvinyl chloride 

tube for artificial dialysis having an outer diameter of 7 
mm, an inner diameter of 5 mm and a length of 6 m, was 
used. 

10 parts by weight of a one polymer type acrylic resin 
adhesive (Oribain BPS-3233, manufactured by Toyo 
Ink K.K., solvent: ethyl acetate, solid content: 36.5% by 
weight) was diluted with 90 parts by weight of ethyl 
acetate. To 10 parts by weight of this diluted liquid, 90 
parts by weight of ethyl alcohol was added to obtain a 
solition of a composition for forming a bonding layer 
having an adhesive concentration of 1% by weight. 
The solution of the above composition was filled in 

the above-mentioned tube to uniformly wet the inner 
surface of the tube with the solution, and then most of 
the solution was removed from the tube. The tube with 
a coating layer of the composition uniformly remained 
on the inner surface of the tube, is placed in a heating 
furnace adjusted to the temperature of 80 C., and a 
compressed air of 0.4 kg/cm2 was supplied from one 
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8 
end of the tube, and this operation was continued for 10 
minutes. 
On the inner surface of the tube thereby obtained, 

there ws formed a bonding layer having a thickness of 
about 4 p.m. 
The presence or absence of the remaining solvent, 

ethyl acetate, in the bonding layer was inspected by gas 
chromatography, whereby no ethyl acetate was de 
tected. 

SECOND STEP 

12 parts by weight of gelatin (JIS special grade, man 
ufactured by Kabushiki Kaisha Nippi), 60 parts by 
weight of pyrogen-free water and 28 parts by weight of 
ethyl alcohol were mixed, and the mixture was heated 
to 60' C. to obtain a gelatin solution. 
The gelatin solution maintained at 60' C. was filled in 

the tube after completion of the first step, to uniformly 
wet the surface of the bonding layer of the tube with the 
gelatin solution, and then most of the gelatin solution 
was removed from the tube. Then, the tube was placed 
in a cooling chamber adjusted to a temperature of 5" C. 
to harden the gelatin, whereby a non-crosslinked gelatin 
layer having a thickness of about 300 um in a wet state 
was formed on the surface of the bonding layer. 

This tube was filled with an aqueous solution contain 
ing 0.5% by weight of glutaraldehyde, and left to stand 
in a warm chamber adjusted to a temperature of 50 C. 
for 30 minutes for a crosslinking reaction to crosslink 
the non-crosslinked gelatin layer. 
The solution of the crosslinking agent was discharged 

from the tube, and then pyrogen-free water was contin-, 
uously passed through the tube at a flow rate of 100 
cc/min for 10 minutes to wash out excessive aldehyde. 

Third Step 
While the crosslinked gelating layer after completion 

of the second step was still in a wet state, an aqueous 
solution containing 20% by weight of glycerin was 
filled in the tube, and the tube was left to stand under 
such a condition at room temperature for 10 minutes to 
have the glycerin absorbed in the crosslinked gelatin 
layer. Then, the aqueous glycerin solution was dis 
charged from the tube. 

Fourth Step 
The tube after completion of the third step was 

placed in a heating furnace adjusted to a temperature of 
80' C. Compressed air of 0.4 kg/cm2 was supplied from 
one end of the tube, and this operation was continued 
for 10 minutes to dry the inside of the tube. 
The tube thereby obtained had a crosslinked gelatin 

layer having a thickness of about 30 pm, and had a 
cross-sectional structure as shown by the enlarged 
cross-sectional view in FIG. 1. In FIG 1, reference 
numeral 1 indicates the outer layer of the tube made of 
polyvinyl chloride, numeral 2 indicates the bonding 
layer, and numeral 3 indicates the inner layer made of 
crosslinked gelatin. 
The crosslinked gelatin layer was peeled off from the 

tube, and the concentration of glycerin contained in the 
layer was measured and found to be about 30% by 
weight. 
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INSPECTION OF THE ELUTION OF THE 
PLASTICIZER FROM THE TUBE 

The tube obtained in Example 1 was set up as shown 
diagrammatically in FIG. 2, and a horse blood serum 
was circulated, whereby the amount of the elution of 
the plasticizer dioctyl phthalate was analyzed. In FIG. 
2, reference numeral 4 is a container for warm water, 
numeral 5 is warm water maintained at a temperature of 
40 C., numeral 6 is a container for a horse blood serun 
7, numeral 8 is the tube, and numeral 9 is a rotary pump. 
The horse blood serum was continuously circulated 

for 10 hours through the tube having a length of 6 m, 
and then the amount of elution of dioctyl phthalate was 
analyzed by gas chromatography, and found to be 0.5 
ppm. 

COMPARATIVE EXAMPLE 1 

By using the same type of a soft polyvinyl chloride 
tube as used in Example 1, a horse blood serum was 
circulated in the same manner as above, whereby the 
amount of elution of dioctyl phthalate was analyzed and 
found to be 5.5 ppm. 

EXAMPLE 2 

A tube for fluid therapy was prepared in the same 
manner as in Example 1 except that after the crosslink 
ing of the gelatin layer, the tube was filled with pyro 
gen-free water heated to a temperature of 70' C. and left 
to stand in that state in an atmosphere adjusted to a 
temperature of 70' C. for 10 hours, and then the water 
was discharged from the tube, and the inside of the tube 
was washed with fresh pyrogen-free water by continu 
ously passing the pyrogen-free water through the tube 
at a flow rate of 100 cc/min for 10 minutes. 
The tube for fluid therapy thereby obtained had a 

crosslinked gelatin layer having a thickness of about 30 
um, and had a cross-sectional structure as shown by the 
enlarged cross-sectional view in FIG. 1. 
The crosslinked gelatin layer was peeled off from the 

tube, and the concentration of glycerin contained in the 
layer was measured and found to be about 30% by 
weight. 

EVALUATION TEST FOR THE TUBE 

The tube obtained in Example 2 was set up as shown 
diagrammatically in FIG. 2, and a physiological sodium 
chloride solution was circulated for 5 hours through the 
tube having a length of 6 m. The solution after the 
circulation was analyzed with respect to the following 
items. The results are shown in Table 1. 

In this example, referring to FIG. 2, reference nu 
meral 4 is a container for warm water, numeral 5 is 
warm water at a temperature of 40' C., numeral 6 is a 
container, numeral 7 is the physiological sodium chlo 
ride solution, numeral 8 is the tube, and numeral 9 is a 
rotary pump. 

(a) Ultraviolet absorption spectrum 
In accordance with the testing method for the ap 

proval of a dialysis type artificial kidney, the absor 
bance of ultraviolet rays having a wave length of from 
220 to 350 nm was measured with respect to the test 
solution with a thickness of 10 mm, as compared with a 
blank test solution. If the absorbance is not higher than 
0.1, the tube is satisfactory. 

(b) Pyrogenous substance 
In accordance with a testing method for pyrogenous 

substance by the Pharmacopeia of Japan, a test solution 
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10 
was tested as compared with a blank test solution 
whereby a Limrous method (wherein a horseshoe-crub 
blood serum was employed) was used. The test results 
are evaluated by the following standards. 
(-): No pyrogenous substance was detected. 
(+): Pyrogenous substance was detected. (c) The 
amount of remaining glutaraldehyde 
In accordance with a colorimetric test by means of a 

Nessler reagent. 
EXAMPLES 3 to 6 and COMPARATIVE 

EXAMPLES 2 to 4 

Tubes were prepared in the same manner as in Exam 
ple 2 except that the conditions for the washing of the 
inside of the tube with water were changed as identified 
in Table 1. 
With respect to the tubes thus obtained, evaluation 

tests were conducted in the same manner as in Example 
2. The results are shown in Table 1. 

EXAMPLE 7 
Preliminary step 

To 100 parts by weight of polyvinyl chloride 
(P=1400), 45 parts by weight of dioctyl phthalate was 
blended, and the mixture was extrusion-molded to ob 
tain a sheet having a size of 50x50 cm and a thickness 
of 0.2 mm. 
On one side of this sheet, the same type of a one 

polymer type acrylic resin adhesive as used in Example 
2 was coated by a gravure printing method. This sheet 
was placed in a heating furnace adjusted to a tempera 
ture of 80 C., and dried. 

STEP FOR FORMING ACROSSLINKED 
GELATIN LAYER 

On the undercoating layer of the sheet thus formed, 
the same type of a gelatin solution as used in Example 2 
was coated by a knife coating method to form a non 
crosslinked gelatin layer having a thickness of about 300 
um in a wet state. 
This sheet was dipped in the same type of an aqueous 

glutaraldehyde solution as used in Example 2 and left to 
stand for 30 minutes to crosslink the non-crosslinked 
gelatin layer. 

WASHING OF THE SHEET 

The crosslinked gelatin layer of the sheet thereby 
obtained was washed with pyrogen-free water to 
roughly remove the excess solution of the crosslinking 
agent, and then the sheet was dipped in pyrogen-free 
water maintained at a temperature of 70' C. for 10 
hours. 
Then, the sheet was taken out of the dipping solution, 

and washed with fresh pyrogen-free water. 
STEP FOR AFTERTREATMENT 

While the crosslinked gelatin layer after the washing 
of the sheet was still in a wet state, this sheet was dipped 
in a 20% glycerin aqueous solution to have the glycerin 
absorbed in the crosslinked gelatin layer. 
The sheet taken out from the aqueous glycerin solu 

tion, was placed in an oven heated to a temperature of 
80' C. and left to stand for 30 minutes to dry the surface 
of the sheet. 
The sheet thereby obtained had a crosslinked gelatin 

layer having a thickness of about 30 um, and had a 
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crosssectional structure as shown by the enlarged cros 
ssectional view in FIG. 3. 

In FIG. 3, reference numeral 11 is a polyvinyl chlo 
ride sheet, numeral 12 is the undercoating layer, and 
numeral 13 is the crosslinked gelatin layer. 5 

EVALUATION TESTS OF THE SHEET 

The sheet obtained in Example 7 was cut into a size so 
that the total surface area of the front and rear sides was 
1200 cm2, this sheet was further cut into a size of 5 cm 10 
in length and 0.5 cm in width, then washed with pyro 
gen-free water and dried in room temperature. The 
sample sheet thereby obtained was placed in a glass 
container having a capacity of 300 ml, and 200 ml of a 
physiological sodium chloride solution was accurately 15 
added. After closing the container with a stopper, the 
container was heated at 121 C. for 1 hour by means of 
an autoclave sterilizer, and then left to cool to room 
temperature. The solution thereby obtained was used as 
a test solution. 2O 
With respect to this test solution, the tests (a), (b) and 

(c) as disclosed in Example 2 were conducted. The 
results are shown in Table 1. 

TABLE 1. 25 
Temper- Ins Ultra- Pyro- Remaining 
ature of mersed violet genous glutar 
washing time spec- sub- aldehyde 

Examples water (C.) (hrs) trum stance (ppm) 
Example 2 70 O 0.03 (-) 0.1 or less 
Example 3 so O 0.08 (-) 0.4 30 
Example 4 80 O 0.03 - (-) 0.1 or less 
Example 5 O 2 0.08 (-) 1.0 
Example 6 70 20 0.03 (-) 0.1 or less 
Example 7 70 10 0.03 (-) 0.1 or less 
Comparative 40 O 0.13 (--) 0.5 
Example 2 35 
Comparative 90 10' 0.03 (-) 0.1 or less 
Example 3 
Comparative 70 0.25 (--) 20 
Example 4 
Note: 3 

*Peeting of the crosslinked gelatin layer from the tube was observed. 40 

From Table 1, the following is evident. 
(1) When the temperature of the washing water is 

from 50 to 80 C. and the time for contact of the cross 
linked gelatin layer with the washing water is at least 2 
hours, the pyrogenous substance contained in the cross 
linked gelatin layer and the amount of the remaining 
aldehyde, can be reduced to a satisfactory level (Exam 
ples 2 to 7). e 

(2) Whereas, when the temperature of washing water 50 
is too low (Comparative Example 2) or the time for 
contact of the gelatin layer with the washing water is 
too short (Comparative Example 4), the washing of the 
crosslinked gelatin layer tends to be inadequate, and it is 
likely that the pyrogenous substance is detected or unre 
acted aldehyde at an undesirable level is detected. Fur 
ther, if the temperature of washing water is too high, it 
is likely that peeling of the crosslinked gelatin layer 
takes place. 
We claim: 
1. A process for producing a medical material, which 

comprises (1) uniformly wetting the surface of a shaped 
article made of a soft vinyl chloride resin composition, 
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with a gelatin solution to form a non-crosslinked gelatin 
coating layer in a wet state, (2) contacting a solution of 
a crosslinking agent to the coating layer to crosslink the 
non-crosslinked gelatin coating layer, (3) removing any 
excessive solution of the crosslinking agent from the 
surface of the shaped article, and (4) contacting the 
crosslinked gelatin layer of the shaped article to pyro 
gen-free water at a temperature of from 50' to 80 C. for 
at least two hours for cleaning. 

2. The process according to claim 1, wherein the 
shaped article is a tube or a sheet. 

3. A process for producing a blood transportation 
tube, which comprises: 

a first step of filling a tube made of a soft vinyl chlo 
ride resin composition, with a solution of a compo 
sition for forming a bonding layer, to uniformly 
wet the inner surface of the tube with the solution, 
then removing most of the solution from the tube, 
and drying the layer of the solution uniformly re 
maining on the inner surface of the tube to form a 
bonding layer; 

a second step of filling the tube with a gelatin solution 
to uniformly wet the surface of the bonding layer 
with the gelatin solution, then removing most of 
the gelatin solution from the tube to form a non 
crosslinked gelatin layer in a wet state on the sur 
face of the bonding layer, thereafter filling the tube 
with a solution of a crosslinking agent for a non 
crosslinked gelatin layer, to crosslink the non 
crosslinked gelatin layer, and removing the solu 
tion of the crosslinking agent from the tube; 

a third step of filling the tube with a plasticizing solu 
tion for the crosslinked gelatin layer, to have the 
plasticizing solution absorbed in the crosslinked 
gelatin layer in a wet state; and 

a fourth step of removing the plasticizing solution for 
the crosslinked gelatin layer from the tube and 
drying the inside of the tube. 

4. The process according to claim 3, wherein the 
gelatin solution for filling the tube in the second step has 
a temperature of from 30' to 60' C., and after the re 
moval of this gelatin solution from the tube, the tube is 
adjusted to a temperature of hot higher than 30' C. to 
solidify the gelatin and to thereby form a non-cross 
linked gelatin layer in a wet state. 

5. The process according to claim 3, wherein the 
solution of the crosslinking agent for filling the tube in 
the second step is an aqueous solution of an aldehyde. 

6. The process according to claim 3, wherein the 
plasticizing solution for the crosslinked gelatin layer for 
filling the tube in the third step is an aqueous solution 
containing from 5 to 50% by weight of glycerin. 

7. The process according to claim 3, wherein the 
drying of the inside of the tube in the first and fourth 
steps is conducted by placing the tube in a heating fur 
nace adjusted to a temperature of from 60' to 140 C., 
and supplying dried air from one end of the tube. 

8. The process according to claim 7, wherein the 
dried air supplied from one end of the tube is pressur 
ized to a level of from 0.01 to 2 kg/cm2. 


